###### Strengths and limitations of this study

-   We present the findings of a review of a previously unreviewed research question.

-   Our review followed robust and established systematic review methods, including development and registration of an a priori protocol.

-   Our search strategies were broad and encompassed all of the key databases in this area.

-   Primary studies that may have used a drug-induced pancreatitis (DIP) diagnostic process but that were not indexed in databases using vocabulary related to DIP would not have been captured by our search.

-   We attempted to limit confirmation bias through inclusion of the entire review team and clinical experts in data synthesis, as well as transparent reporting of quotes from references.

Introduction {#s1}
============

Acute pancreatitis (AP) is the most common single gastrointestinal cause of hospitalisation in the USA,[@R1] with an annual incidence of emergency department or ambulatory care visits ranging from 106 to 320 per 100 000 population,[@R2] at an inpatient cost of approximately 2.6 billion US\$ annually.[@R1] With an associated overall mortality ranging from 1% to 30%,[@R2] AP can result in considerable patient harm. Most cases are attributed to obstructive gallstones or alcohol use[@R6] however, approximately 0.1% to 2.0% of AP cases have a medication-related cause,[@R6] with over a hundred medications associated with AP in the literature.[@R7]

The list of medications potentially associated with AP will continue to expand as new drugs are marketed. Given its rare occurrence, AP risk is difficult to assess in clinical trials unless very large sample sizes are enrolled. To reduce the risk of approval of drugs that ultimately demonstrate an association with AP postmarket, a greater understanding is needed of methods to detect drug-induced pancreatitis (DIP) in clinical trials conducted as part of the premarket regulatory process. The *diagnosis* of DIP first requires a confirmed diagnosis of AP and, second, establishment of a drug-related cause through causality assessment. *Detection* of DIP differs from diagnosis in that it incorporates serial monitoring of all patients receiving a drug of interest to identify all cases of AP. There is uncertainty regarding the optimal means by which drug trialists and manufacturers should be required to detect DIP. The objective of this review was to systematically review clinical practice guidelines, reviews and observational studies to identify evidence-informed recommendations regarding the detection of DIP. Secondarily, we identified processes to diagnose DIP.

Methods {#s2}
=======

Established systematic review methods were used, and a review protocol was developed a priori and registered with PROSPERO ([online supplementary appendix 1](#SP2){ref-type="supplementary-material"}). The reported work was part of a series of systematic reviews on DIP.
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Research question {#s2-1}
-----------------

We addressed the following research question: *'What are the current evidence-informed recommendations regarding detection of drug-induced pancreatitis?'* A secondary review objective was to describe processes of diagnosis of DIP reported in the literature.

Study eligibility criteria {#s2-2}
--------------------------

Eligible studies were identified using a priori selection criteria, established according to the population-intervention-comparator-outcomes-study design framework:

-   **Population**: Human subjects only, with no restrictions on patient age or other demographics.

-   **Intervention and comparator**: No restrictions.

-   **Outcomes**: Primary studies that identified the diagnosis of DIP a priori as a primary or secondary outcome were included. Those in which AP occurred only as an unanticipated/unmonitored adverse event were excluded.

-   **Study design**: Clinical practice guidelines, systematic reviews and observational studies (both prospective and retrospective cohort studies and case series that diagnosed DIP either as part of inclusion criteria or as a primary or secondary outcome) with a focus of establishing incidence, prevalence or diagnostic approaches for DIP were included. Given the low yield of these designs of interest following initial screening, we amended the protocol to include narrative reviews and clinical trials that diagnosed DIP as a primary or secondary outcome. Studies of all designs were only included if a sufficient description of a clinical process to detect or diagnose DIP was reported, including patient history, signs and symptoms and laboratory and/or imaging criteria, plus methods to determine drug causality.

Searching the literature {#s2-3}
------------------------

An experienced information specialist (BS) developed and tested the search strategy using an iterative process in consultation with the review team. A second information specialist peer reviewed the strategy prior to execution using the Peer Review of Electronic Search Strategies checklist.[@R8] Using the Ovid platform, we searched Ovid MEDLINE, including Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Embase Classic+Embase. We also searched the Cochrane Library on Wiley. We performed separate searches for primary studies and systematic reviews. We incorporated controlled vocabulary (eg, 'Pancreatitis/ci (chemically induced),' 'Drug-Related Side Effects and Adverse Reactions,' 'Diagnostic Techniques, Digestive System') and keywords (eg, 'drug-induced pancreatitis,' 'adverse effect,' 'detection') into the searches. We adjusted vocabulary and syntax across the databases. No date or language limits were applied, but we removed animal-only and opinion pieces, where possible. Specific details regarding the strategies appear in [online supplementary appendix 2](#SP2){ref-type="supplementary-material"}.

All database searches were performed on 31 January 2017 from inception. A grey literature search of clinical practice guideline registries, the TRIP (Turning Research Into Practice) database and Google Scholar was undertaken on 9 March 2017 to 10 March 2017. We also manually searched the references of the final included studies for additional potentially relevant titles.

Study selection {#s2-4}
---------------

Titles and abstracts were screened for relevance independently by two reviewers, with agreement of two reviewers required for exclusion, and inclusion requiring assessment by only one reviewer. Potentially relevant full texts were screened by two reviewers, with agreement of both reviewers required for both inclusion and exclusion. Screening was conducted in the online platform DistillerSR (Evidence Partners Inc, Ottawa, Canada). Screening forms were piloted to ensure similar understanding of the eligibility criteria among reviewers. Conflicts were resolved by consensus or consultation with a third independent reviewer. Study selection was summarised using a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.[@R9]

Data extraction and risk of bias assessment {#s2-5}
-------------------------------------------

Two independent reviewers extracted data, with a third reviewer to establish consensus as needed. A data collection form was developed in Microsoft Excel and piloted on a small number of studies. The pilot data were discussed among the review team to refine the form. The following data were extracted: publication characteristics (year of publication, journal, authorship, country); study design (eg, clinical practice guideline, systematic review, narrative review or primary study); details of the reported approach to detect or diagnose DIP, including patient history, symptoms, use of laboratory testing, use of imaging, causality assessment and other factors (including patient characteristics and drug implicated, if relevant) and literature cited for the detection method or diagnostic process (if reported). Given that the objective of this review focused on study methods/recommendations and not findings, risk of bias assessment was not conducted.

Summarising the evidence {#s2-6}
------------------------

Publication characteristics and study design were synthesised descriptively. Studies were classified according to whether they reported a process to detect or diagnose DIP. We prepared a narrative summary of the recommendations for and against serial monitoring for DIP detection and described detection methods used in the literature, summarised by decade of publication.

A separate narrative synthesis of DIP diagnostic processes was conducted, focusing on (1) adherence to the currently accepted AP diagnostic criteria published following international consensus as part of the Atlanta classification of AP[@R10] and (2) the reported methods to assess causality. By international consensus, AP diagnosis requires two of the following three features to be present[@R10] : (i) typical clinical symptoms (eg, epigastric pain, nausea, vomiting); (ii) serum amylase or lipase elevated at least three times the upper limit of normal (ULN); (iii) characteristic imaging findings of AP on contrast-enhanced computed tomography or, less commonly, on MRI or transabdominal ultrasonography.

Reporting of review findings {#s2-7}
----------------------------

Manuscript development was guided by the PRISMA Statement,[@R9] and a PRISMA checklist was completed ([online supplementary appendix 3](#SP2){ref-type="supplementary-material"}).

Results {#s3}
=======

Extent of available evidence {#s3-1}
----------------------------

A PRISMA flow diagram summarises the process of study selection ([figure 1](#F1){ref-type="fig"}). Out of 4948 references screened, 59 eligible studies were identified ([table 1](#T1){ref-type="table"}) --- 14 reported on DIP detection,[@R6] with seven of those also reporting a DIP diagnostic process, while 45 reported only a DIP diagnostic process.[@R24] Forty per cent (n=23) of the studies were published between 2010 and 2016, 29% between 2000 and 2009 and 32% prior to 2000. Three countries published over half of the relevant studies: USA (36%), France (14%) and Italy (9%). A list of excluded studies has been provided in [online supplementary appendix 4](#SP2){ref-type="supplementary-material"}.

###### 

Characteristics of the 59 included studies

  Study                        Country   Study design\*   Drug of interest   Paediatric study?   Stated or apparent study objective
  ---------------------------- --------- ---------------- ------------------ ------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Samuels *et al*[@R11]        USA       Primary study    L-asparaginase     Yes                 Not reported
  Bale *et al*[@R12]           USA       Primary study    Valproic acid      No                  To assess the usefulness of serum amylase screening in patients taking VPA
  Torelli *et al* [@R13]       Italy     Primary study    Valproic acid      No                  Serum amylase values in children about to be treated or already treated with sodium valproate were examined as an indicative parameter and eventual sign of pancreatic disease
  Nguyen *et al* [@R15]        USA       Primary study    L-asparaginase     Yes                 To assess the relative diagnostic value of serial pancreatic sonograms in children receiving asparaginase
  Castiglione *et al* [@R18]   Italy     Primary study    Azathioprine       No                  To monitor for the development of preclinical DIP during AZA therapy in Crohn\'s patients
  Raja *et al* [@R22]          Denmark   Primary study    PEG-asparaginase   Yes                 To examine whether asparaginase-induced AP develops slowly over time or rather develops suddenly in children
  Raja *et al* [@R23]          Denmark   Primary study    PEG-asparaginase   Yes                 To explore if hypertriglyceridaemia or early elevations in pancreatic enzymes were associated with the development of AP

  Studies reporting both DIP detection methods and diagnostic processes (n=7)                                                              
  ----------------------------------------------------------------------------- -------------- ------------------ ------------------ ----- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Wyllie *et al* [@R14]                                                         USA            Primary study      Valproic acid      No    To review all reports of pancreatitis associated with valproic acid in the literature and to describe four cases the authors saw between 1981--1983
  Maxson *et al* [@R16]                                                         USA            Primary study      Didanosine         No    To better define the relationship between 2\',3\'-Dideoxyinosine for AIDS and acute pancreatitis by reporting on the incidence and natural history of pancreatitis and pancreatic enzyme elevations
  Chambon *et al*[@R17]                                                         France         Primary study      PEG-asparaginase   No    To report acute necrotic pancreatitis secondary to asparaginase in two patients
  Laugel *et al* [@R19]                                                         France         Primary study      PEG-asparaginase   Yes   To clarify the clinical course, the diagnostic signs, risk factors and therapeutic options for children with asparaginase-induced AP
  Dhir *et al* [@R20]                                                           USA            Narrative review   None               No    To discuss the clinical and epidemiological features of DIP, commonly associated drugs and conditions, possible pathogenic mechanisms and a systematic approach to diagnosis and management of DIP
  Balani and Grendell[@R6]                                                      USA            Narrative review   None               No    To review the epidemiology, diagnosis, management and prevention of DIP
  Anonymous[@R21]                                                               Not reported   Narrative review   None               No    A review on prevention and management of drug-induced pancreatitis by identifying the offending agent and understanding the underlying mechanism

  Studies reporting only DIP diagnostic processes (n=45)                                                                                                  
  -------------------------------------------------------- ----------------------- ----------------------------- ---------------------------------- ----- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Mallory and Kern[@R68]                                   USA                     Narrative review              None                               No    To critically review the English language literature pertaining to drug-induced pancreatitis and attempt to determine whether the reported association between each drug and pancreatitis was valid
  Steinberg[@R24]                                          USA                     Narrative review              None                               No    To explore the mechanisms and management of acute drug and toxin pancreatitis
  Haber *et al* [@R25]                                     USA                     Primary study                 6-mercaptopurine                   No    To characterise the frequency, severity and reversibility of DIP associated with 6-mercaptopurine in the treatment of inflammatory bowel disease
  Scarpelli[@R26]                                          USA                     Narrative review              None                               No    To explore the toxicology of the pancreas
  Delcenserie *et al*[@R27]                                France                  Narrative review              None                               No    To discuss standardised criteria of causality for a diagnosis of drug-induced pancreatitis
  Lankisch *et al*[@R28]                                   Germany                 Primary study                 None                               No    To determine the incidence and severity of DIP in German centres of gastroenterology
  McArthur[@R29]                                           USA                     Narrative review              None                               No    Not stated
  Fernandez *et al*[@R30]                                  Spain                   Primary study                 Mesalamine                         No    To report two cases of pancreatitis associated with mesalamine
  Maringhini *et al*[@R31]                                 Italy                   Primary study                 Enalapril                          No    To describe three cases of pancreatitis associated with enalapril
  Chetaille *et al*[@R32]                                  France                  Primary study                 Minocycline                        No    To report the first two cases of AP associated with minocycline, a third-generation tetracycline used in the treatment of acne
  Berthelemy and Pariente[@R33]                            France                  Narrative review              None                               No    Not stated
  Eland *et al* [@R34]                                     The Netherlands         Primary study                 None                               No    To assess which drugs were associated with AP in Dutch adverse drug reaction reports
  Alvarez and Zimmerman[@R35]                              USA                     Narrative review              PEG-asparaginase                   Yes   To report the incidence of pancreatitis in patients treated with PEG-asparaginase
  Delcenserie[@R36]                                        France                  Clinical practice guideline   None                               No    Discussion of the criteria for causality assessment for DIP
  Grauso-Eby *et al*[@R37]                                 USA                     Primary study                 Valproic acid                      Yes   To report four cases of VPA-induced AP and review the literature for cases
  Chaudhari *et al*[@R38]                                  USA                     Primary study                 IFN-alpha-2b and RBV combination   No    To determine the incidence, clinical presentation, and outcome of acute pancreatitis in a large cohort of HCV-infected patients treated with IFN-alpha and RBV combination therapy
  Trivedi and Pitchumoni[@R67]                             USA                     Narrative review              None                               No    To update the information on DIP (case report review) and offer simple guidelines using a new classiﬁcation of drugs associated with DIP
  Werlin and Fish[@R39]                                    USA                     Primary study                 Valproic acid                      Yes   To characterise valproic acid-associated pancreatitis in children
  Kemppainen and Puolakkainen[@R40]                        Finland                 Narrative review              None                               No    Focuses on the search for other aetiological factors of AP once alcohol and gallstones have been excluded
  Mennecier *et al*[@R41]                                  France                  Primary study                 None                               No    To determine the incidence of non-alcoholic non-biliary pancreatitis and identify causes, comparing severity by aetiology
  Nguyen-Tang *et al*[@R42]                                Switzerland             Narrative review              None                               No    None specifically reported, although it is clearly a narrative review of DIP
  Weersma *et al*[@R43]                                    The Netherlands         Primary study                 AZA                                No    To evaluate the prevalence of pancreatic autoantibodies in patients with azathioprine-induced pancreatitis in Crohn's disease and in controls with Crohn's disease, hypothesising that most or all patients with azathioprine-induced pancreatitis have circulating pancreatic autoantibodies
  Ando *et al* [@R44]                                      Japan                   Primary study                 IFN-alpha                          No    To describe AP associated with PEG-IFN plus RBV treatment in three patients
  Thomae *et al* [@R45]                                    Germany                 Primary study                 None                               No    To investigate which drugs are associated with the occurrence of acute hepatitis and acute pancreatitis (idiopathic or drug-induced; non-alcoholic)
  Ahmad and Mahmud[@R46]                                   UK                      Primary study                 Orlistat                           No    To report two patients who developed acute pancreatitis with elevated pancreatic enzymes following orlistat therapy
  Butt *et al* [@R47]                                      USA                     Primary study                 Oxaliplatin                        No    To report a case series of patient with AP presumably caused by oxaliplatin
  Nitsche *et al* [@R48]                                   UK                      Narrative review              None                               No    Not stated
  Vinklerová *et al*[@R49]                                 Czech Republic          Primary study                 None                               No    To determine the incidence, aetiology and severity of drug-induced pancreatitis during a 2 year period in a tertiary hospital. (they actually included only cases of AP in their sample and determined the proportion presumed to have DIP, not the incidence of DIP among all hospital admissions)
  Bai *et al* [@R50]                                       The Netherlands         Primary study                 None                               Yes   To identify common comorbidities and concomitant pancreatitis aetiologies in children with DIP. Secondarily, to identify the most commonly associated drugs in the different age groups, evaluate management practices and compare drug-associated cases with non-drug-associated cases
  Barreto *et al* [@R51]                                   USA                     Primary study                 None                               No    To determine the incidence, presentation, clinical course and outcome of DIP among patients admitted to a public hospital in Australia (they actually only included patients with AP in their sample and determined the proportion that were presumed to have DIP, not the incidence of DIP among all admissions to the hospital)
  Spanier *et al* [@R52]                                   Australia               Primary study                 None                               No    To evaluate the prevalence of pancreatitis-associated drugs in a Dutch cohort of patients admitted for AP and to identify the proportion of AP possibly attributable to the use of drugs
  Marot *et al* [@R53]                                     Belgium                 Primary study                 Tigecylcine                        No    To report two new cases of tigecycline-induced mild AP and to review the literature
  Meftah *et al* [@R54]                                    Morocco                 Primary study                 None                               No    To present four cases of DIP
  Minen *et al* [@R55]                                     Italy                   Primary study                 None                               Yes   \(1\) to assess the aetiological factors of acute and recurrent pancreatitis in a paediatric population from a tertiary care hospital; (2) to assess the usefulness of imaging studies in diagnosing aetiologies of pancreatitis
  Ledder *et al* [@R56]                                    Australia/New Zealand   Primary study                 AZA                                Yes   To report on four paediatric cases of inflammatory bowel disease in which a second thiopurine was introduced successfully after an initial thiopurine was suspected to have caused pancreatitis
  Morimoto *et al*[@R57]                                   Japan                   Primary study                 Asparaginase                       Yes   A presentation of two paediatric ALL cases of asparaginase-associated pancreatitis diagnosed at an early stage based on elevated serum elastase-1 levels, in the presence of normal serum amylase levels
  Yanar *et al* [@R58]                                     Turkey                  Primary study                 None                               No    To report two patients with suspected DIP
  Heap *et al* [@R59]                                      UK/USA                  Primary study                 Thiopurine therapy                 No    To (a) characterise the clinical features of thiopurine-induced pancreatitis and (b) identify clinical useful genetic markers that might predict development of this serious adverse drug reaction
  Ruellan *et al* [@R60]                                   France                  Primary study                 Morphine sulfate                   No    To report AP after morphine sulfate ingestion in young patients
  Sunga *et al* [@R61]                                     Korea                   Primary study                 Ciprofloxacin                      No    To identify the clinical features and natural course of drug-induced pancreatitis by ciprofloxacin during therapeutic use
  Tenner[@R62]                                             USA                     Narrative review              None                               No    To explain that drug induced acute pancreatitis does occur, but it is rare, and over diagnosis leads to misconceptions about the disease resulting in inappropriate patient care, increased litigation and a failure to address the true entity: idiopathic acute pancreatitis
  Cofini *et al* [@R63]                                    Italy                   Primary study                 Valproic acid                      Yes   To describe their experience regarding clinical presentation, diagnosis, management and outcome in children with VPA-induced AP
  Jones *et al* [@R64]                                     USA                     Narrative review              None                               No    To critically review the epidemiology, pathogenesis, diagnosis and presentation of drug-induced pancreatitis, as well as discuss drugs and classes of drugs strongly implicated in mediating or modulating AP based on well-documented case reports and lab investigation
  Nesvaderani *et al*[@R65]                                Australia               Primary study                 None                               No    To determine whether alcohol was the main cause of pancreatitis in Western Sydney through retrospective case analysis, and to determine the epidemiology, aetiology and outcomes of acute pancreatitis
  Yamada *et al* [@R66]                                    Japan                   Primary study                 Nilotinib                          No    To report two cases of nilotinib-induced pancreatitis

\*Primary studies included clinical trials, prospective and retrospective cohort studies and case series.

ALL, acute lymphocytic leukaemia; AP, acute pancreatitis; AZA, azathioprine; DIP, drug-induced pancreatitis; IFN, interferon; PEG, pegylated; RBV, ribavarin; VPA, valproic acid.

![Flow diagram describing the study selection process.](bmjopen-2018-027451f01){#F1}

DIP detection methods and recommendations {#s3-2}
-----------------------------------------

Eleven primary studies and three narrative reviews reported data on DIP detection methods and/or recommendations ([table 2](#T2){ref-type="table"}). The studies focused on detection methods for patients taking PEG-asparaginase,[@R17] L-asparaginase,[@R11] valproic acid,[@R12] didanosine,[@R16] azathioprine[@R18] and drugs in general.[@R6] These studies have been summarised below by decade of publication.

###### 

Summary of recommendations from studies reporting DIP detection methods

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                           Patient population; drug of interest                                             Frequency of monitoring                                                                                 Summary of study findings                                                                                                                                                                          Authors' recommendations regarding serial monitoring
  --------------------------------------------------------------- -------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Studies reporting serial monitoring of pancreatic enzymes**                                                                                                                                                                                                                                                                                                                                                                                               

  Bale *et al* [@R12]                                             No patient criteria reported; valproic acid                                      Monthly                                                                                                 20% of patients developed an elevated serum amylase; however, all continued to receive VPA and serum amylase spontaneously returned to normal                                                      Against: transient elevations of amylase may not predict AP in asymptomatic individuals

  Torelli *et al* [@R13]                                          Complicated febrile convulsions or generalised primary epilepsy; valproic acid   0, 1 and 6 months, but not all patients                                                                 Serum amylase increased significantly at 1 and 6 months of therapy; however, the values were considered normal. No cases of pancreatitis were detected                                             Against: unlikely to identify early AP due to rapidity of onset; few cases reported in the literature

  Wyllie *et al* [@R14]                                           Generalised seizure disorders; valproic acid                                     ---                                                                                                     Serial monitoring was not conducted. Cited Bale *et al* [@R12]                                                                                                                                     Against: transient hyperamylasaemia does not correlate with clinical AP in asymptomatic patients

  Maxson *et al* [@R16]                                           AIDS; didanosine                                                                 At least every 3--4 weeks                                                                               two of 12 patients that developed AP demonstrated asymptomatic elevations of pancreatic enzymes that progressed to pancreatitis within 2 weeks                                                     For: careful sequential monitoring of pancreatic function and early identification of potential 'risk factors' may help avoid AP in AIDS patients

  Castiglione *et al* [@R18]                                      Crohn's disease; azathioprine                                                    Retrospective: monthly for 3 months\                                                                    Authors successfully discontinued treatment in three cases in which amylase was elevated two to four times upper limit of normal                                                                   For: weekly evaluations of amylase during the ﬁrst 2 months of azathioprine therapy in patients with Crohn's disease can prevent AP through early discontinuation of AZA
                                                                                                                                                   Prospective: weekly for 8 weeks                                                                                                                                                                                                                                                                            

  Laugel *et al* [@R19]                                           ALL and NHL in paediatrics; PEG-asparaginase                                     ---                                                                                                     Serial monitoring was not performed. Cited two other sources[@R69]                                                                                                                                 Against: Systematic monitoring of amylasaemia during treatment with asparaginase is a late and imperfect means of detecting AP

  Dhir *et al* [@R20]                                             No patient criteria reported; no specific drug                                   ---                                                                                                     Serial monitoring was not performed. Cited Maxson *et al* [@R16]and Nguyen *et al* [@R15]                                                                                                          Against: although it is recommended that patients be carefully monitored for signs and symptoms of pancreatitis, monitoring for pancreatitis with serial serum pancreatic enzyme measurements or serial ultrasonography is not advocated. Discontinuation of medication following asymptomatic amylase elevations also should not be universally advocated

  Balani and Grendell[@R6]                                        No patient criteria reported; no specific drug                                   ---                                                                                                     Cited Dhir *et al* [@R20]                                                                                                                                                                          Against: DIP is a rare phenomenon; in an asymptomatic individual, routine monitoring of serum pancreatitic enzymes, particularly amylase and discontinuing a medication because of transient hyperamylasaemia is not recommended. Serial abdominal imaging is also not advocated

  Anonymous[@R21]                                                 No patient criteria reported; no specific drug                                   ---                                                                                                     Cited Balani and Grendell[@R6] and Dhir *et al* [@R20]                                                                                                                                             Against: DIP is rare; routine monitoring of serum pancreatic enzymes is not recommended in asymptomatic patients. Serial abdominal imaging and discontinuation of medication because of transient hyperamylasaemia are also not advocated

  Raja *et al* [@R23]                                             ALL in paediatrics; PEG-asparaginase                                             Weekly for 10 weeks, then every 2--3 weeks based on treatment schedule                                  In seven patients that developed AP, serum pancreatic enzymes did not gradually increase during treatment but rather were elevated at the time AP developed                                        Against: occurrence of AAP was not predicted by monitoring pancreatic enzyme levels

  **Serial monitoring by abdominal imaging**                                                                                                                                                                                                                                                                                                                                                                                                                  

  Samuels *et al* [@R11]                                          ALL, AML and NHL in paediatrics; L-asparaginase                                  Weekly, but not systematically across all patients                                                      Ultrasound positive before pancreatic enzymes elevated in two cases of pancreatitis; however, 'pancreatitis' was not defined, the methods were not rigorous and the results were poorly reported   For: the accuracy of sonography permitted the diagnosis of subclinical pancreatitis prior to serious injury, thus allowing early discontinuation of drug.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                              These claims were later disputed by Nguyen *et al* and Chambon *et al* [@R15]

  Nguyen *et al* [@R15]                                           ALL in paediatrics; L-asparaginase                                               Baseline, partway through treatment, and the end of treatment, but a strict protocol was not followed   Mid-treatment ultrasounds were not useful to detect early or subclinical pancreatitis                                                                                                              Against: despite the fact that ultrasonography is a proven method of identifying pancreatic disease, serial ultrasounds could not detect early pancreatitis

  Chambon *et al* [@R17]                                          ALL and lymphoma; PEG-asparaginase                                               ---                                                                                                     Serial monitoring was not conducted in this case series                                                                                                                                            Possibly useful: weekly ultrasound surveillance is prone to false-positive results due to the presence of peripancreatic retroperitoneal adenopathies or leukaemic infiltration of the pancreas; however serial monitoring may be useful, if all patients with suspected AP undergo further examination for pancreatic necrosis before asaparginase is discontinued

  Dhir *et al* [@R20]                                             No patient criteria reported; no specific drug                                   ---                                                                                                     Serial monitoring was not performed. Cited Maxson *et al* [@R16]and Nguyen *et al* [@R15]                                                                                                          Against: see above comments under monitoring of pancreatic enzymes

  Balani and Grendell[@R6]                                        No patient criteria reported; no specific drug                                   ---                                                                                                     Cited Dhir *et al* [@R20]                                                                                                                                                                          Against: see above comments under monitoring of pancreatic enzymes

  Anonymous[@R21]                                                 No patient criteria reported; no specific drug                                   ---                                                                                                     Serial ultrasound not conducted. Cited Balani and Grendell[@R6] and Dhir *et al* [@R20]                                                                                                            Against: see above comments under monitoring of pancreatic enzymes

  Raja *et al* [@R22]                                             ALL in paediatrics; PEG-asparaginase                                             Weekly for 10 weeks, then every 2--6 weeks based on treatment schedule                                  In three patients with AP, no ultrasounds prior to AP demonstrated signs of oedema or inflammation.                                                                                                Against: monitoring with serial ultrasonography is not helpful for identification of patients at risk of experiencing AAP prior to the event
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ALL, acute lymphocytic leukaemia; AML, acute myelogenous leukaemia;AP, acute pancreatitis; AZA, azathioprine; DIP, drug-induced pancreatitis; NHL, non-Hodgkin\'s lymphoma; VPA, valproic acid.

### DIP detection recommendations from the 1970s {#s3-2-1}

One study was published in the 1970s.[@R11] Samuels *et al*. (1976) conducted serial monitoring of 19 children receiving L-asparaginase treatment for hematological malignancies. Monitoring consisted of serial testing of serum amylase and lipase, and ultrasonography prior to treatment, then weekly thereafter. Not all patients were studied systematically --- some were evaluated retrospectively and some prospectively; some did not receive extensive testing or only received ultrasounds after the development of clinical signs or elevated serum pancreatic enzymes. The authors reported that ultrasonic diagnosis of pancreatitis 'agreed with laboratory data in 18 of 19 patients'; however, a diagnostic definition of pancreatitis was not provided, making interpretation of their data difficult. Ultrasound was positive before pancreatic enzymes rose in two patients that developed AP; several other patients appear to have had an enlarged pancreas on ultrasound without developing pancreatitis, with false-positive leukaemic infiltration of the pancreas and peripancreatic lymphadenopathies occurring in some patients. The authors commented that some children presented no abnormal laboratory findings or clinical symptoms until immediately before death due to AP; however, they concluded that serial ultrasound was capable of depicting the natural development of AP. They summarise by stating that ultrasound permitted the diagnosis of subclinical AP, allowing for withdrawal of L-asparaginase prior to serious injury.

### DIP detection recommendations from the 1980s {#s3-2-2}

Four studies with DIP detection data were published in the 1980s.[@R12] Torelli *et al* [@R13] evaluated the serum amylase of 27 patients about to start valproic acid (VPA) therapy, of which 18 had a second sample after 1 month, and nine had a third sample after 6 months of treatment. Serum amylase increased significantly after 1 month and remained high at 6 months; however, the values were considered within normal limits. No patients developed AP. The authors recommended that serial amylase testing could not be justified in VPA patients, given the expected slight increases in amylase, the lack of an accumulating metabolite, the rapidity of onset of AP and the rarity of cases in the literature.

Bale *et al* [@R12] monitored the serum amylase of 61 patients monthly during VPA therapy. Elevated serum amylase was identified in 20% of patients (n=12); however, serum amylase values did not correlate with dose or serum level of VPA. All 12 patients continued to receive VPA and serum amylase returned to normal spontaneously. The authors advised that serum amylase may be transiently elevated with VPA therapy, without predicting AP; thus, serial monitoring in asymptomatic patients may not be warranted.

Wyllie *et al* [@R14] reported a case series of four patients with AP associated with VPA. Serial monitoring was not conducted in any of the patients; however, the authors commented that transient hyperamylasaemia does not correlate with clinical AP in asymptomatic patients, citing Bale *et al*.[@R12] They recommended that VPA be withdrawn if symptomatic AP appears but that serial monitoring of serum amylase in asymptomatic patients is not necessary.

Nguyen *et al* [@R15] conducted serial serum amylase testing and pancreatic ultrasonography in 92 children with lymphoproliferative diseases that were treated with L-asparaginase. Studies were conducted at baseline, partway through treatment, and at the end of treatment, although a strict protocol was not followed. Eleven patients (12%) developed at least one abnormal parameter that was suggestive of pancreatitis, and six patients (7%) developed AP. If it appeared, ultrasonographic evidence of early/subclinical AP occurred after clinical and/or laboratory abnormalities were present (n=2), and in two other patients that developed AP, the mid-treatment ultrasound was normal. No correct decisions to alter treatment were based solely on ultrasonographic findings. The authors advised that serial ultrasounds are not useful in the early detection of AP in L-asparaginase patients.

### DIP detection recommendations from the 1990s {#s3-2-3}

Two studies reported on DIP detection methods in the 1990s.[@R16] Maxson *et al* [@R16] conducted a retrospective analysis of data from a prospective clinical trial of 51 AIDS patients treated with didanosine (ddI). Clinical and laboratory testing were performed at least every 3 to 4 weeks, with a mean follow-up of 8.2 months. Twelve patients (24%) developed AP, and two of these patients demonstrated asymptomatic elevations of pancreatic enzymes that progressed to pancreatitis within 2 weeks. Twenty other patients (39%) demonstrated asymptomatic elevations of pancreatic enzymes that did not progress to AP. We calculated the sensitivity (17%) and specificity (49%) of early elevated serum amylase as a test for later development of AP. Despite these low values, the authors stated that serial monitoring of pancreatic function and early identification of risk factors in AIDS patients on ddI may be essential to avoid AP.

Chambon *et al* [@R17] reported on two cases of AP associated with PEG-asparaginase therapy, neither of which received serial monitoring. They challenged the findings of Samuels *et al* (1976),[@R11] pointing out the weaknesses of ultrasound in that study (weekly ultrasounds in PEG-asparaginase patients were prone to false-positives due to adenopathies and leukaemic infiltration and false-negatives due to gas-filled bowel obfuscating the pancreas). The authors instead recommended that all PEG-asparaginase patients with suspected AP undergo further examination for the following signs of pancreatic necrosis within 24 hours, and asparaginase discontinued if present: (1) lactate dehydrogenase \>270 IU/L, (2) C-reactive protein \>100 mg/L, (3) alpha-2 macroglobulin \<1.3 g/L and (4) contrast CT of the pancreas.

### DIP detection recommendations from the 2000s {#s3-2-4}

Five studies commented on DIP detection methods in the 2000s.[@R6] Castiglione *et al* [@R18] conducted a retrospective review of 30 Crohn's disease patients that had received azathioprine (AZA). All patients underwent monthly serum amylase and transaminase assays for the first 3 months of treatment, with pancreatic isoenzyme evaluated in all cases of hyperamylasaemia. Three patients developed moderate AP; however, no comment was made regarding the results of serial testing. Additionally, prospective testing was performed in 46 Crohn's disease patients on AZA, each receiving weekly serum amylase evaluation for the first 8 weeks of treatment. Hyperamylasaemia was detected in three cases, resulting in discontinuation of AZA; however, there was no clinical or ultrasound evidence of AP in these cases, and no other cases of AP developed. The authors commented that serial amylase testing during the ﬁrst 2 months of AZA therapy in Crohn's patients could prevent the development of AP, allowing early withdrawal of treatment.

Laugel *et al* (2005)[@R19] did not conduct serial monitoring in their study of clinical aspects of asparaginase-induced AP in children. However, citing two references,[@R69] they advise that serial monitoring of serum amylase is a 'late and imperfect means of detecting AP' because at the time of first clinical signs, serum amylase and lipase may still be normal or only moderately increased. They suggest that serial monitoring is not useful except perhaps to establish a baseline on which laboratory results can be compared, should clinical signs develop.

Three narrative reviews made comments regarding serial monitoring to detect DIP.[@R6] Dhir *et al*. (2007)[@R20] cited Maxson *et al* (1992) and Nguyen *et al* (1987)[@R15] in concluding that although patients should be carefully monitored for clinical AP, the use of serial serum pancreatic enzyme testing is not advocated, even for drugs associated with a high incidence of AP, and that drug withdrawal based on asymptomatic amylase elevations should not be universally applied. The second narrative review by Balani and Grendell[@R6] cited the above review,[@R20] while also pointing out the rarity of DIP in their recommendation against routine monitoring of asymptomatic patients. Instead of serial monitoring, they suggested that prevention of DIP should be grounded on recognition of high-risk medications and patients, maintenance of a high index of suspicion and immediate withdrawal of medication once AP is suspected. The third review[@R21] cited Balani and Grendell in advising against serial monitoring.

### DIP detection recommendations from the 2010s {#s3-2-5}

Two studies by Raja *et al* (2015, 2017)[@R22] conducted weekly serial monitoring for DIP in children on PEG-asparaginase. In the first study,[@R22] pancreatic ultrasound was conducted weekly for 10 weeks on 19 children, then every 2 or 6 weeks, depending on the patient's randomised treatment schedule. Three cases of AP developed in the first 10 weeks, all with signs of AP on ultrasound at the time of diagnosis; however, none demonstrated ultrasonographic evidence of AP prior to diagnosis, with the last ultrasounds conducted at 10, 11 and 16 days prior, respectively. The authors concluded that oedema does not develop gradually in asparaginase-induced AP (ie, asparaginase-induced AP develops acutely) and, thus, serial ultrasound is not useful to monitor for the development of AP or to identify patients at risk of experiencing AP prior to the event.

In the second study,[@R23] pancreatic enzymes and lipid profiles were monitored weekly for 10 weeks in 31 children, then every 2 or 3 weeks, depending on the patient's treatment schedule. Seven patients developed AP; however, although pancreatic enzyme levels may elevate during therapy, they did not gradually increase during treatment, but instead were suddenly significantly elevated at the time AP developed. It was concluded that early detection of asparaginase-induced AP was not possible by serial monitoring of pancreatic enzymes or triglycerides, and that persistent enzyme elevations above three times the ULN may be incorrectly diagnosed as AP, if the patient were to develop stomach pains for other reasons.

### Summary of recommendations for DIP detection {#s3-2-6}

Early evidence suggested that serial pancreatic ultrasound could detect subclinical pancreatitis in patients receiving medications associated with AP, allowing the discontinuation of medication prior to development of clinical disease.[@R11] However, subsequent studies have disputed this claim,[@R15] and have demonstrated no utility of serial ultrasound in early AP detection. The two studies in which serial monitoring of pancreatic enzymes was useful were conducted on patient populations with an increased risk of AP due to their underlying condition (ie, AIDS and Crohn's disease).[@R16] Other studies have recommended against serial monitoring of pancreatic enzymes to detect DIP. Other than the study of Crohn's disease patients taking AZA,[@R18] no study advised to discontinue medication based on asymptomatic pancreatic enzyme elevation.

### DIP diagnostic processes {#s3-2-7}

Fifty-two studies reported a DIP clinical diagnostic process ([table 1](#T1){ref-type="table"})---one clinical practice guideline,[@R36] 16 narrative reviews[@R6] and 35 primary studies.[@R14] The single clinical practice guideline was published following a consensus conference in France on AP and provided a chapter on DIP causality assessment.[@R36] Thirteen of the 16 narrative reviews focused solely on DIP, while the remaining three were more general reviews of AP. One primary study[@R16] diagnosed DIP as an a priori specified outcome, while all others diagnosed DIP as part of patient inclusion criteria. Nine studies focused solely on paediatric patients.[@R19]

Several studies presented algorithms for the diagnosis of DIP that generally followed the same format: (1) confirm the diagnosis of AP and (2) determine the cause of AP.[@R20]

### Diagnosis of AP {#s3-2-8}

Thirty-seven studies reported AP diagnostic criteria, with only eight (22% of 37 studies) using the criteria established by international consensus (see Methods section).[@R6] The international consensus process was begun in 2007 and published in 2012. First evidence of reported use of these criteria in our included studies was in a narrative review in 2008.[@R6] Thirty-one per cent of studies published after 2007 (8 of 26) and 18% of studies published after 2012 (2 of 11) used the international consensus AP diagnostic criteria. Twenty-nine studies reported diverse and sometimes incomplete AP diagnostic criteria (see online supplementary [Appendix 5](#SP2){ref-type="supplementary-material"}). Sixteen studies (31%) reported no AP diagnostic criteria and only described causality assessment.[@R17]

### Determination of a drug-related cause {#s3-2-9}

Determination of a drug-related cause was achieved through two general methods: (1) the use of DIP-specific causality criteria cited from the literature or (2) the use of generic adverse drug reaction causality criteria cited from the literature.

#### DIP-specific causality criteria {#s3-2-9-1}

Several studies presented DIP-specific causality algorithms.[@R20] Mallory and Kern (1980)[@R68] initially conducted a review of DIP case reports and classified the implicated drugs as having definite, probable or possible associations with AP according to presence of the following criteria:

1.  Presence of a valid temporal relationship.

    a.  AP develops during treatment with the drug.

    b.  Clinical and biochemical abnormalities rapidly resolve on drug withdrawal.

    c.  Pancreatitis usually recurs on re-challenge.

2.  Exclusion of all other causes of AP.

These criteria have subsequently been used in other studies not only to classify drugs,[@R20] but also to impute a drug-related cause in the diagnosis of individual cases of DIP.[@R17]

Delcenserie (1992 and refined in 2001)[@R27] presented an in-depth algorithm to impute causality of DIP, using data from two assessments: (1) the temporal aspects of the disease, including *latency* (ie, the time from first drug administration until development of AP), disease pattern following drug discontinuation, and re-challenge and (2) clinical criteria, including evidence of highly suggestive disease patterns (eg, evidence of allergy, hypertriglyceridaemia, hypercalcaemia in patients on drugs known to be associated with these), exclusion of all other non-drug causes and elevation of serum drug levels. Using these data and cross-tabulation of tables, the likelihood of DIP causality can be estimated. Three of our included studies cited Delcenserie's methods[@R19]

Flow charts were used by several authors to depict the steps of DIP causality assessment.[@R20] These generally were visual depictions of Mallory and Kern's (1980) criteria,[@R68] with various refinements. Steinberg, 1985[@R24] presented a flow chart that included the initial exclusion of obvious non-drug causes, determination of whether the patient was taking a drug associated with AP, clinical course after drug discontinuation and effects of re-challenge. Eland *et al*, 1999[@R34] presented a similar graphical; however, only gallstones and alcoholism were excluded as non-drug aetiologies. Trivedi and Pitchumoni, 2005[@R67] presented an algorithm that considered malignancy as a non-drug cause initially, as well as alcoholism, gall stones, microlithiasis, hypertriglyceridaemia and hypercalcaemia. If none of these causes were apparent, DIP was considered if the patient was receiving one of the many drugs associated with DIP identified in their review of case reports. Other numerous causes of AP (see [table 3](#T3){ref-type="table"}) were to be ruled out if the patient was not receiving a listed drug or if the clinical course did not fit DIP following drug withdrawal. This algorithm was cited by two other included studies.[@R49] Flow diagrams reported by Dhir *et al*, 2007[@R20] and Nitsche *et al*, 2010[@R48] were similar to that of Trivedi and Pitchumoni (2005), although Nitsche *et al* suggested integrating a generic adverse drug reaction causality assessment tool, not found in their graphic.[@R71]

###### 

Non-drug causes of AP that were excluded in the 44 studies that included exclusion of non-drug causes as part of the DIP diagnostic process

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                                                                                       Biliary\                                                                                                                                                          Alcohol\                                                                                                             Anatomic anomalies\                                                                                                                                                                                                                                           Hyper-triglyceridaemia\   Hyper-calcaemia\   Infection\                                                                                            Recent trauma or surgery\   Genetic causes (mainly paediatric cases)\                                                                                                                                                                                     Autoimmune disease\
                                                                                                                              (n=35)                                                                                                                                                            (n=31)                                                                                                               (n=21)                                                                                                                                                                                                                                                        (n=14)                    (n=15)             (n=16)                                                                                                (n=13)                      (n=12)                                                                                                                                                                                                                        (n=8)
  --------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------- ------------------ ----------------------------------------------------------------------------------------------------- --------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Mallory and Kern[@R68]                                                                                                      Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Wyllie *et al* [@R14]                                                                                                       Yes                                                                                                                                                               Yes                                                                                                                  Yes                                                                                                                                                                                                                                                           Hyper-cholesterolaemia    Yes                Yes                                                                                                   History                     Cystic fibrosis, hereditary pancreatitis                                                                                                                                                                                      

  Steinberg[@R24]                                                                                                             Yes                                                                                                                                                               Yes                                                                                                                  Yes                                                                                                                                                                                                                                                           Yes                       Yes                Yes                                                                                                   Yes                         Hereditary pancreatitis                                                                                                                                                                                                       

  McArthur[@R29]                                                                                                              US --- asymptomatic cholelithiasis and DIP may coexist in older patients                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Hepatitis, EBV, CMV, etc                                                                                                                                                                                                                                                                                                                                        

  Fernandez *et al*[@R30]                                                                                                     Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Chetaille *et al*[@R32]                                                                                                     Yes                                                                                                                                                               Yes                                                                                                                  Yes                                                                                                                                                                                                                                                                                                        Yes                                                                                                   Yes                                                                                                                                                                                                                                                       

  Eland *et al* [@R34]                                                                                                        Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Delcenserie[@R36]                                                                                                           History, risk factors (female,\>45 years, multiparous, obese, hypertriglyceridaemia), US, labs. See comments below\*                                              History, clinical exam, Labs (mean globulin volume, ALT, AST). DIP may occur concurrently with alcohol-induced AP.   Difficult to diagnose in the acute phase due to inflammation, but after resolution of AP, may be identified on US, etc.: ductal AP (pancreas divisum and canalic stenoses...often neoplastic)                                                                                                              Suspect if concurrent sepsis or diarrhoeal syndrome---see list of agents below†                                                   Younger patients: mutation of cationic trypsinogen. A sweat test is conclusive, especially in the presence of respiratory, sinus, or sterility problems. A mutation assessment of the CFTR gene may confirm cystic fibrosis   If concurrent cutaneous, joint, or other autoimmune manifestations: lupus, mixed connective tissue disorders, or periarteritis nodosa). May be confirmed through evaluation for an inflammatory distal-thrombotic syndrome or specific autoantibodies

  Chaudhari *et al*[@R38]                                                                                                     Imaging                                                                                                                                                           Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Trivedi and Pitchumoni[@R67]                                                                                                Yes                                                                                                                                                               Yes                                                                                                                  Yes                                                                                                                                                                                                                                                           Yes                       Yes                See list below‡                                                                                       Yes                         Cationic trypsinogen gene mutation, CFTR mutation, SPINK-1 mutation                                                                                                                                                           Vasculitis, systemic lupus erythematosus, polyarteritis nodosum

  Werlin and Fish[@R39]                                                                                                       Labs, imaging                                                                                                                                                                                                                                                                          Imaging                                                                                                                                                                                                                                                                                                    Lab                                                                                                   Clinically                  Lab                                                                                                                                                                                                                           

  Dhir *et al* [@R20]                                                                                                         US                                                                                                                                                                Yes                                                                                                                  If AP continues after drug withdrawal or withdrawal/ substitution not possible: MR pancreaticography, ERCP, endoscopic U/S, CT, sphincter of Oddi manometry. Exclude tumour if patient \>50 years and weight loss, painless jaundice, or new onset diabetes   Labs                                                                                                                                                                           Consider ruling out if AP continues after drug withdrawal or withdrawal/substitution not possible                                                                                                                             

  Kemppainen and Puolakkainen[@R40]                                                                                           Yes. If recurrent AP conduct MRCP/ERCP/manometry                                                                                                                  Yes                                                                                                                  Yes. If recurrent AP, conduct MRCP/ERCP/manometry                                                                                                                                                                                                             Labs                      Labs               History                                                                                               History, US, EUS, CT, MRI   History of cystic fibrosis; conduct genetic testing in some cases                                                                                                                                                             History

  Mennecier *et al*[@R41]                                                                                                     US, CT, EUS                                                                                                                                                       History, serum carboxy deficient transferrin (CDT) \>2.6%, with no evidence favouring a biliary cause or other       Yes                                                                                                                                                                                                                                                           Labs                      Labs               If no obvious cause---see list of agents to exclude below§                                            History                     If no obvious cause, exclude mutations of cationic trypsinogen and CFTR gene                                                                                                                                                  If no obvious cause, test rheumatoid factor, ANA

  Nguyen-Tang *et al*[@R42]                                                                                                   Labs, EUS, cholangio-MRI                                                                                                                                          Yes                                                                                                                  Yes                                                                                                                                                                                                                                                                                                        In younger patients: Coxsackie virus, mumps, CMV, Salmonella, Campylobacter, Mycoplasma, Legionella                               Yes                                                                                                                                                                                                                           Yes

  Weersma *et al*[@R43]                                                                                                       US                                                                                                                                                                Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Anonymous[@R21]                                                                                                             History, labs, US and contrast-enhanced CT                                                                                                                        History, previous admission                                                                                          US and contrast-enhanced CT                                                                                                                                                                                                                                   Labs                      Labs                                                                                                                     History                                                                                                                                                                                                                                                   

  Nitsche *et al* [@R48]                                                                                                      Yes                                                                                                                                                               Yes                                                                                                                  Duct obstruction, aside from gallstones, and tumour                                                                                                                                                                                                           Yes                       Yes                If no obvious other cause                                                                                                                                                                                                                                                                                                                                       Yes

  Spanier *et al* [@R52]                                                                                                      Liver function tests; EUS, ERCP, or MRCP                                                                                                                          History                                                                                                              Various imaging techniques mentioned but use to eliminate specific etiologies not discussed (US, CT, MRCP, ERCP, EUS)                                                                                                                                         Yes                       Yes                                                                                                                                                  Mutations in cationic trypsinogen, SPINK-1, and CFTR genes                                                                                                                                                                    

  Ledder *et al* [@R56]                                                                                                                                                                                                                                                                                                                                                                                              Some may be associated with the underlying disease                                                                                                                                                                                                                                                         Yes, but difficult to entirely exclude in most cases                                                                                                                                                                                                                                                                                                            

  Sunga *et al* [@R61]                                                                                                        Abdominal imaging                                                                                                                                                 Yes                                                                                                                                                                                                                                                                                                                                                                                Yes                                                                                                                                                                                                                                                                                                                                                                                                          

  Cofini *et al* [@R63]                                                                                                                                                                                                                                                                                                                                                                                              CT, ERCP, and EUS to exclude biliary and pancreatic duct abnormalities                                                                                                                                                                                                                                                                                                                                                                       Cystic fibrosis, chronic pancreatitis                                                                                                                                                                                         

  Jones *et al* [@R64]                                                                                                        History, liver function tests, US (abdominal and endoscopic)                                                                                                      History                                                                                                              Abdominal and endoscopic US                                                                                                                                                                                                                                   Labs                      Labs                                                                                                                     History                                                                                                                                                                                                                                                   

  **Studies that reported** **'** **exclusion of all other causes** **'**, **without explicitly defining all other causes**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Haber *et al* [@R25]                                                                                                        Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Scarpelli[@R26]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Delcenserie *et al*[@R27]                                                                                                   US, labs, ERCP (risk may be too high if not suggestive of biliary AP), endoscopic cholangi-wirsungography (±bile collection for crystal/sludge evaluation), EUS   History, exam, labs (mean globulin volume, GGT, AST)                                                                 Endoscopic cholangi-wirsungography, biliary manometry, EUS                                                                                                                                                                                                                              Yes                See list below¶                                                                                       History                                                                                                                                                                                                                                                   

  Maxson *et al* [@R16]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Concurrent opportunistic infections were evaluated                                                                                                                                                                                                                                                                                                              

  Chambon *et al*[@R17]                                                                                                       Imaging                                                                                                                                                                                                                                                                                Imaging                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Lankisch *et al*[@R28]                                                                                                      US                                                                                                                                                                History                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

  Maringhini *et al*[@R31]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Berthelemy and Pariente[@R33]                                                                                               Yes                                                                                                                                                               Yes                                                                                                                  Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Balani and Grendell[@R6]                                                                                                    History, labs, US, contrast-enhanced CT?                                                                                                                          History                                                                                                              Contrast-enhanced CT                                                                                                                                                                                                                                          Labs                      Labs                                                                                                                     History                                                                                                                                                                                                                                                   

  Ando *et al* [@R44]                                                                                                         Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Yes

  Ahmad and Mahmud[@R46]                                                                                                      Bilirubin and US                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Labs               Hepatitis, EBV, CMV, etc                                                                                                                                                                                                                                                                                                                                        

  Butt *et al* [@R47]                                                                                                         Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Vinklerová *et al*[@R49]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Barreto *et al* [@R51]                                                                                                      US                                                                                                                                                                History, previous admission                                                                                          MRCP to rule out congenital malformations, CT (if initial lab workup inconclusive) and serum CA 19--9 levels if suspected malignancy                                                                                                                          Labs                      Labs               Yes, if patient developed a severe viral illness necessitating admission                              History                                                                                                                                                                                                                                                   MR cholangiopancreatography, and markers, including immunoglobulin 4 (IgG4) and autoantibodies, as well as an endoscopic ultrasonography and fine needle aspiration

  Marot *et al* [@R53]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Meftah *et al* [@R54]                                                                                                       Yes                                                                                                                                                               Yes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Yanar *et al* [@R58]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Heap *et al* [@R59]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Ruellan *et al* [@R60]                                                                                                      History of cholecystectomy, bile sampling                                                                                                                         Yes                                                                                                                                                                                                                                                                                                                                                                                                          Yes                                                                                                                                                                                                                                                                                                                                                                                

  Tenner[@R62]                                                                                                                Yes                                                                                                                                                               History                                                                                                              Yes, occur in 10%--15% of the population but controversial as to whether they cause AP (combination of anatomical and genetic factors may predispose)                                                                                                         Yes                       Labs                                                                                                                                                 Unclear                                                                                                                                                                                                                       

  Nesvaderani *et al*[@R65]                                                                                                   CT/imaging                                                                                                                                                        History                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               History                                                                                                                                                                                                                                                   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Absence of stones or hepatic damage on blood work does not formally exclude biliary cause. Consider EUS and/or bile evaluation for crystals/sludge. Biliary AP can occur concurrently with DIP---some medications can cause formation of drug crystals (ceftriaxone) or cholesterol crystals (clofibrate, octreotide) and result in AP due to gallstone migration. As well, morphine derivatives may cause sphincter of Oddi spasm in cholecystectomised patients, leading to biliary pain, cytolysis and AP.

†Infections to exclude: Coxsackie virus, mumps, HAV, HBV, HCV, CMV, *Mycobacteria*, *Legionella*, *Chlamydia*, *Mycoplasma*, *Salmonella*, brucellosis, *Yersinia*, *Campylobacter*, roundworms, hydatid cysts, tapeworms, fungal infections.

‡Infections to exclude: ascariasis, clonorchiasis, mumps, Rubella, HAV, HBV, HCV, Coxsackie B, Echo, adenovirus, CMV, EBV, HIV), Mycoplasma, *C. jejuni*, Leptospirosis, Legionella, *Mycobacterium tuberculosis*, *Mycobacterium avium* complex.

§Infections to exclude: hepatitis, Coxsackie virus B1-B6, echovirus, mononucleosis, EBV, measles, herpes zoster, CMV, *Yersinia*, *Brucella*, *Legionella*, *Mycoplasma pneumoniae*, *Salmonella*, *Chlamydiae trachomatis* and *pneumoniae*.

¶Recommended infections to exclude: Coxsackie virus, mumps, hepatitis viruses, CMV, *Mycobacteria*, *Legionella*, *Chlamydia*, *Mycoplasma*, *Salmonella*, brucellosis, *Yersinia*, *Campylobacter*, roundworm, hydatid cyst, tapeworm, fungal.

AP, acute pancreatitis; AST, aspartate aminotransferase; CFTR, cystic fibrosis transmembrane conductance regulator; CMV, cytomegalovirus; CT, computed tomography; DIP, drug induced pancreatitis; EBV, Epstein Barr virus; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; GGT, gamma-glutamyl transferase; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; MR, magnetic resonance; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; SPINK1, serine peptidase inhibitor Kazal type 1; US, ultrasound.

Temporal aspects related to latency, drug discontinuation and AP resolution and re-challenge were key components in the DIP-specific causality criteria reported above. Many of our included studies indicated that the shorter the latency, the more suggestive of DIP (assuming other conditions were met)[@R25] however, other studies commented that DIP could occur several months to years after the start of medication,[@R20] or after discontinuation of short-term medication.[@R36] A typical latency (ie, consistent with the literature for the drug in question) has also been proposed as suggestive of causality,[@R17] which takes into consideration the underlying pathophysiological mechanism. Regarding drug discontinuation, some studies suggested that there should be a rapid disappearance of symptoms,[@R27] followed by a slower decrease in pancreatic enzymes.[@R27] One study advised that resolution of symptoms may be coincidental with drug discontinuation, and thus, is not confirmatory of DIP.[@R64] If AP did not recur after drug discontinuation, many felt the suspicion of a drug-related cause was heightened.[@R17] Most studies considered a positive re-challenge to be confirmatory; however, patients with idiopathic pancreatitis or microlithiasis may have recurrent attacks of AP coincident with de-challenge and re-challenge.[@R62] Re-challenge was considered unethical if a drug-related association was already suspected in the literature,[@R14] but unintended re-challenge was known to occur.[@R49] Others commented that re-challenge should only be attempted if the benefit of the medication outweighs the risk of another potentially severe episode of AP.[@R21]

In imputing a drug-related cause, several studies required identification of either previous AP cases associated with the drug in the literature or a previous determination of an association between the drug and AP. Beyond a literature search, reported sources of cases and associations included the American Gastroenterological Association Technical Bulletin on Acute Pancreatitis,[@R72] the French database 'Pancreatox' (<http://drugsoft.com/pancreatox.html>) and articles by Trivedi and Pitchumoni,[@R67] Andersen *et al*,[@R73] Eland *et al* [@R34] and Lankisch *et al*.[@R28]

Exclusion of at least one important non-drug cause of AP was a key element of DIP-specific causality assessment in 44 studies. [table 3](#T3){ref-type="table"} presents the nine most commonly excluded non-drug causes of AP reported. The non-drug causes were numerous, variable across studies and may have changed over time (eg, the first evidence of exclusion of autoimmune causes of AP in our sample was in 2001). Many studies (n=24) claimed to have 'excluded all other causes', without explicitly defining the other causes, precluding synthesis of these data. The most commonly excluded non-drug cause of AP was biliary disease, including gallstones, biliary sludge or crystal development. Algorithms of hierarchical testing[@R74] have been reported that could rule out more common aetiologies of AP before embarking on more invasive or costly tests to evaluate less likely causes.[@R40] The exclusion of other drugs as causative agents of DIP was considered in 14 studies.[@R6] McArthur commented that it is difficult to evaluate the contributions of other drugs in the development of AP.[@R29] Spanier *et al*, suggested classification of all drugs being administered at the time of AP onset using the Badalov system,[@R7] while Delcenserie recommended measurement of serum levels of administered drugs with a known dose-dependent toxic mechanism for DIP.[@R36] No studies discussed the potential for drug interactions that may potentiate DIP.

#### Generic adverse drug reaction causality criteria {#s3-2-9-2}

Four tools to assess causality of potential adverse drug reactions generically (ie, not DIP specifically) were used by seven of the included studies,[@R45] including The WHO Probability Scale,[@R76] The Naranjo criteria,[@R78] criteria developed by Karch and Lasagna[@R71] and Hill's criteria of causation.[@R79] These tools were used in addition to considerations of temporal aspects of the case and exclusion of non-drug causes, to determine the likelihood of a suspected drug-related cause.

Discussion {#s4}
==========

The prevailing opinion of the included studies in this review is that serial monitoring to detect early cases of AP is unwarranted in patients receiving medications with the potential to cause DIP. Patients with a higher risk of AP due to an underlying disease (eg, those with Crohn's or AIDS) may be the exception, and thus may benefit from serial monitoring, although the evidence for this is based on single studies and this hypothesis has not been tested in a randomised controlled trial. Several studies demonstrated that serial monitoring could not differentiate between patients in whom AP will or will not ultimately arise. As well, some drugs may induce significant and persistent elevations of serum amylase or lipase unrelated to AP, putting those patients at risk of misdiagnosis of AP should abdominal pain arise due to other causes. Cases of DIP occurred acutely, without a continuous gradual elevation of pancreatic enzymes or a gradual accumulation of pancreatic oedema on ultrasound. Thus, asymptomatic elevations of pancreatic enzymes could not predict AP, and evidence of AP on ultrasound generally did not appear until patients were symptomatic. As stated by Laugel *et al*,[@R19] serial monitoring is a 'late and imperfect means of detecting AP.'

Our review also identified that diagnosis of DIP is not standardised across the literature. Although AP diagnostic criteria have been generally accepted, the uptake of these criteria by researchers has been low, even in recent publications. Similarly, there were substantive differences across studies in the methods used to impute causality in DIP. Lack of standardisation in DIP diagnostic criteria can significantly influence the classification of drugs with respect to their association with AP. Current classification systems rely on synthesis of DIP case reports in the literature.[@R7] However, accurate drug classification is only possible when DIP case reports correctly diagnose DIP using currently accepted AP diagnostic criteria and appropriate imputation of causality. Lack of use of standard diagnostic and causality criteria can lead to information bias resulting from (1) misdiagnosis of other gastrointestinal disease as AP and (2) incorrect attribution of cause to a drug when it is not. The numbers of published cases of DIP apparently associated with a drug can become inflated, potentially leading to a higher risk of pancreatitis being assigned than is warranted.

Similarly, a lower risk of pancreatitis may be assigned to newly approved drugs than what is warranted. Without an accurate method of detection of DIP during clinical trials required for the new drug approval process, cases of pancreatitis may be missed. For example, publicly available United States Food and Drug Administration (FDA) documentation demonstrates that in April 2014, a concern regarding an association between ceritinib (Zykadia, Novartis Pharmaceuticals Corporation, East Hanover, New Jersey) and pancreatitis was raised by FDA New Drug Application (NDA) reviewers.[@R80] However, the available evidence from the submitted trial data did not substantiate an association because no clinical cases of confirmed pancreatitis had been found.[@R80] Pancreatitis was identified as a potential serious adverse reaction of ceritinib based on clinically significant elevations in serum lipase that occurred during clinical trials and preclinical findings submitted as part of the approval process.[@R81] One year later, a warning regarding pancreatitis was added to the Zykadia label by the FDA. The original NDA reviewers suggested that cases of pancreatitis may have been misclassified as general gastrointestinal (GI) toxicity during pre-approval trials due to the almost universal presence of GI symptoms among the patients.[@R81] An accurate method of DIP detection or application of the currently accepted AP diagnostic criteria may have attributed some cases to pancreatitis and confirmed an association between ceritinib and DIP prior to approval.

No reviews of the literature have previously been published that have evaluated DIP detection or diagnostic processes reported in the literature, thus, we have no comparison for our findings. Our review had both strengths and weaknesses. We used robust systematic review methods, including development and registration of an a priori protocol. We elected to include both review papers and primary studies to encompass as wide an evidence base as possible. Our search strategies were designed to be broad enough to capture all relevant reviews of DIP; however, for primary studies, it is impossible to screen all trials of all drugs ever evaluated. Thus, our primary search strategy was designed to capture studies that contained vocabulary and key words related to diagnostic processes associated with DIP; trials that may have used a DIP diagnostic process but that were not indexed by vocabulary related to DIP would not have been captured, a source of potential selection bias. As well, given the non-quantitative approach to synthesis, a degree of confirmation bias may be inherent in the inferences drawn. We attempted to minimise confirmation bias through discussion of the data and the inferences drawn among all members of the review team as well as clinical experts. As well, to improve transparency of our inferences, in an appendix we have reported direct quotes from the included papers that illustrated key points and positions with respect to DIP detection ([online supplementary appendix 5](#SP2){ref-type="supplementary-material"}). Similarly, all raw data and syntheses have been provided in [online supplementary appendix 6](#SP1){ref-type="supplementary-material"}.
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The available evidence indicates that serial monitoring of pancreatic enzymes or ultrasound to detect cases of DIP is not warranted, even in patients receiving drugs with established associations with pancreatitis. Thus, detection of DIP in clinical trials remains elusive given its rare occurrence in the smaller sample sizes found in many trials, and given that more medically complex patients at higher risk of DIP are commonly excluded from clinical trials. For government drug regulatory bodies interested in identifying new drugs with high risk of AP prior to marketing approval, no recommendations could be made regarding serial monitoring methods to detect DIP in clinical trials. Future research efforts in identifying more specific biomarkers for earlier identification of pancreatitis or pharmacogenomic testing to identify a higher risk group of patients in whom a greater risk of pancreatitis could be predicted would be useful to clinicians, trialists and regulatory bodies. In the meantime, reliance on heightened clinical awareness, identification of high-risk patients and the use of standardised diagnostic and causality criteria remain key to DIP detection and diagnosis.
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